The HA-1 lectin isolated from Botrylloides leachii has an amino acid composition similar to that of mammalian serum amyloid protein (SAP 
INTRODUCTION
For some years, animals belonging to the protochordate genera Botryllus and Botrylloides have been the subjects of intensive study by immunologists concerned with the evolutionary origins of the vertebrate immune response (Weissman et al., 1990) . These colonial ascidians grow on hard substrata in communities where space is a limited resource and where colonies frequently come into contact. When this happens, juxtaposed colonies undergo vascular fusion to produce a genetic chimera or initiate rejection reactions with associated necrosis at the contact site in the tissues of each partner. Fusion or rejection is controlled by a single polymorphic histocompatibility gene locus (Oka and Watanabe, 1957; ; fusion occurs when one allele at this locus is shared, whereas rejection follows contact between colonies sharing no alleles.
In an examination of the ultrastructure of necrotic areas in the contacted tissues between *Corresponding author. rejecting colonies of Botryllus primigenus, Watanabe (1973a, 1973b ) described accumulations of stiff, hollow fibers with a characteristic diameter of around 200 angstroms. These ultrastructural features are reminiscent of polymerized serum amyloid P component (SAP) , which is a universal component of mammalian amyloid deposits, and of a type of fiber observed in electron micrographs of some such deposits (Skinner et al., 1982; . Like the closely related C-reactive protein (CRP), SAP is a member of the highly conserved pentraxin family of serum and tissue proteins (Coe, 1983) . Molecules belonging to this family have been identified in several representative vertebrate classes and in an invertebrate of the protostome lineage, the horseshoe crab Limulus (Robey and Liu, 1981) . Until now, no pentraxin molecule has been identified from a deuterostome invertebrate.
The pentameric HA-1 lectin isolated from the hemolymph of Botrylloides leachii (Coombe et al., 1984a; Schluter and Ey, 1989) has subunit molecular weight and amino acid composition characteristics similar to those of prototypical vertebrate pentraxins (Schluter and Ey, 1989 (Nguyen et al., 1986b) . Cloning and sequencing of the Botrylloides nucleotide sequences encoding HA-1 subunits will be required for definitive assignment of the HA-1 lectin to the pentraxin family of proteins (Coe, 1983) . However, comparison of the amino acid composition data in Table 1 to vertebrate pentraxins reveals marked similarities to SAP/CRP molecules from other species (Skinner et al., 1980; Liu et al., 1982; Pepys et al., 1982) . In addition, (Nguyen et al., 1986a (Nguyen et al., , 1986b aAn aliquot of HA-1 evaporated to dryness, hydrolyzed in M HCI, and derivatized for amino acid analysis by reverse-phase HPLC (Bidlingmeyer et al., 1984) .
bHA-1 has 259 amino acid residues. PhCAP:
plaice SAP composition (Pepys et al., 1982) . SAP: human SAP composition (Skinner et al., 1980) . eICRP: Limulus CRP subunit B (Liu et al., 1982 Fig. 1 appear to display the 100-angstrom diameter typical of vertebrate pentraxins (Pepys et al., 1978) , the other half appears to have a diameter of 220 angstroms ( Fig. 1 and Fig. 1 inset) (Pepys et al., 1978; Coe, 1983 (Katow and Watanabe, 1980) , Fig. 2(a) , or initiate rejection reactions that lead to reseparation Watanabe, 1973a, 1973b; Katow and Watanabe, 1980; Scofield and Nagashima, 1982) , Fig. 2 Watanabe, 1973a, 1973b) , Fig. 2 (Coombe et al., 1984a; Schluter and Ey, 1989 Red, show remarkable affinity for amyloid (Skinner et al., 1982) . Congo Red binds to amyloid fibers via hydrophobic interactions with proteins folded as beta-pleated sheets, and fuchsin dyes similarly show specific binding to amyloid fibers, but by an unknown mechanism (Puchtler et al., 1982) . The regular alignment of dye molecules along the fibrils amplifies their intrinsic birefringence (Skinner et al., 1982) . Figure 3 shows (Holck et al., 1979; Miyakawa, 1988) . A high-magnification transmission electron micrograph of fibers in rejection areas, like those in Figs. 3(a) to 3(c), is presented in Fig. 4 . The 200-angstrom-wide fibers appearing in this electron micrograph are similar in ultrastructure and diameter and to those described by Watanabe (1973a, 1973b) (Ellis and Youson, 1989) and have also reported to be present in mammalian connective tissue (Inoue and Le Blond, 1986 ). Where they are described in mice, the fibers are immunoreactive with anti-SAP antibody The ground substance of the tunicate tunic is composed of tunicin, a celluloselike polymer (Deck et al., 1966) . Birefringence patterns in tunicate tissues stained with Congo Red or fuchsin, both of which are cellulose dyes (Puchtler et al., 1962) , may not be specific markers for amyloidlike material in ascidian tissues. Instead, the presence of immunoreactive SAP is now considered to be a better diagnostic indicator for human amyloid (Pepys, 1988 (Figs. 5(e) and 5(f)).
Anti-HA-1 binds to fibers in rejection regions. Figure 6 shows different areas from thin sections taken through birefringent areas of Epon-embedded rejected Botrylloides oozooids.
Figure 6(a) shows both the tunic cuticle and an area underlying it where debris from degenerating test cells is surrounded by double-tracked fibers, as described by Watanabe (1973a, 1973b) . Binding of anti-HA-1 to fibers within these areas is clearly evident in Fig. 6(a) and in the magnified area from this photograph shown in 6(b). In Fig,. 6(c), heavy gold labeling marks the area underlying a cnidarian polyp embedded in the tunic. As in Fig. 5 , neither normal rabbit serum nor anti-SAP showed significant binding to tunicate tissues in similar sections (Figures 7 and 8 (Fig. 7) . Previous studies have shown that anti-HA-1 binds to the macrophagelike granular amoebocytes from Botrylloides hemolymph (Coombe, 1983) . In mice and humans, monomeric SAP and CRP are present on B-cell and NK-cell surfaces (Bray et al., 1988; James et al., 1983) and SAP occurs as a receptor-bound surface molecule on macrophages (Siripont et al., 1988) . In addition, SAP is present in endothelial basement membranes (Dyck et al., 1980) , and is a component of elastic fibers in the skin and connective tissues of lower chordates and mammals alike Ellis and Youson, 1989) . Figure 7 shows that HA-l, like mammalian SAP, is apparently present on (and in) some blood cells, and on and in both the Fig.1 and to stacked SAP (Pepys et al., 1978) . The bar spans 1500 nm. epithelial cells of blood vessel walls, with epitopes also extending into the surrounding microfibrillar network. In addition, it appears that HA-1, like mammalian CRP (Braun et al., 1986) , may be present both in the blood and in seromucous fluids.
Tunicates are filter-feeding organisms, and have a ciliated epithelial structure called the branchial basket that both supplies particle-trapping mucus and rolls it into a tube for digestion in the gut (Goodbody, 1974) . The rolling is done by specialized elongated languet cilia inside the thyroidlike endostyle (a structure that is also present in larval lampreys; Ellis and Youson, 1989 Coria et al., 1988) (Fig. 9) antibody binding to amyloid deposits in all three of the locations identified in Fig. 9 Watanabe, 1973a, 1973b) ; Figs. 5 to 7. The presence of HA-1 epitopes on the Fig. 5 and in the Alzheimer's disease brain tissue in Fig. 10 were not. Likewise, although double-tracked fibers are As shown previously by others, anti-SAP labels microvessel, plaque, and neurite amyloid (Coria et al., 1988) (b and c (Jayalakshmi et al., 1987; Breedveld et al., 1989; Mazur, 1989) suggests that mammalian amyloid serves a similar containment function.
HA-1 Epitopes Are Present in Protochordate and Mammalian Amyloid Table 1 and Fig. 1 show that the amino acid composition and three-dimensional structure of the Botrylloides HA-1 molecule resemble those of other vertebrate pentraxins (Coe, 1983; Schluter and Ey, 1989) . That HA-1 may have functions similar to those of mammalian SAP is suggested by Figs. 5 and 6, which Figures 9 and 10 show that anti-HA-I, like anti-SAP (Coria et al., 1988) , binds to amyloid fibers within the microvessels of Alzheimer's disease brains, and identifies both the core and neurite amyloid deposits within the senile plaques.
In mammals, both CRP and SAP can serve as acute-phase serum proteins (Coe, 1983) whose concentrations increase upon injury or immunological challenge. CRP opsonizes bacteria (Coe, 1983) and fixes complement (Volanakis and Kaplan, 1974; Kilpatrick and Volanakis, 1985) . Both SAP and CRP participate in regulation of blood clotting and platelet function (Meyer et al., 1987) , and the proteolytic fragments of CRP are potent immunomodulators (Robey et al., 1987 Bray et al., 1988) . NK cell surface CRP appears to participate in target cell killing, by mechanisms that remain to be defined . Finally, mammalian SAP, like HA-1 (Coombe et al., 1984a) , is a serum lectin that mediates calcium-dependent hemagglutination via carbohydrates on red cell surfaces (Hamazaki, 1988) . The host defense functions of pentraxins intersect with those of adaptive immunity on several levels, and comparisons of pentraxins and immunoglobulins suggest a limited structural similarity between their molecules as well (Vasta et al., 1986; Schluter and Marchalonis, 1989 (Puchtler et al., 1962; Skinner et al., 1982) .
Proteins and Antibodies HA-1 was prepared from Botrylloides hemolymph, as described previously (Coombe et al., 1984a; Schluter and Ey, 1989) , and affinity-purified anti-HA-1 prepared from serum of a rabbit immunized with HA-1 in complete Freund's adjuvant (Coombe et al., 1984b) . The blood cellbinding characteristics of this reagent have been described (Coombe, 1983 (Vinters and Gilbert, 1983 (Pepys et al., 1978) . Observation and photography were done with a JOEL-100X electron microscope.
Amino Acid Composition
Amino acid analysis of HA-1 was by reversephase HPLC using the Pico-Tag method (Bidlingmeyer et al, 1984) .
